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Amendments to the Claims 

This listing of claims will replace all prior versions in the application. 

1 . (amended) A method for improving at least one of a surface finish and 
a surface integrity of a workpiece formed or shaped with a tool, the workpiece having a 
surface hardness, comprising increasing the surface hardness of the workpiece during 
forming or shaping of the workpiece with the tool bv jetting cryogenic fluid from a iet of the 
cryogenic fluid at at least a portion of the tool at an impingement angle (a) greater than about 

30 9 and less than about 90 9 . and then said cryogenic fluid impinges the workpiece at a 
spread angle (B) . 

2. (amended) A method as in claim 1 , whoroin tho curfaco hardnoos of 
tho workpiooo i o i ncroaood by coo li ng w i th a cryogon i o f l u i d at l oaot a portion of tho too l , or at 
l oast a port i on of tho workpiooo, or at l oast a port i on of tho too l and at l oast a port i on of tho 
workpiooo. wherein the spread angle (B) is such that the cryogenic fluid impinges at least the 
entire length of contact between the tool and the workpiece. 

3. (amended) A method as in claim [[2]] I, wherein said method further 
comprises the step of impinging at least a portion of said workpiece or at least a portion of 
said tool with cryogenic fluid from a second iet of cryogenic fluid, a i ot of tho crvooon i o fluid 
imp i ngoo on a port i on of tho too l and a portion of a curfaco of tho workp i ooo. 

4. (canceled) A mothod as i n c l aim 3, whoro i n tho jot of tho cryogon i o 
f l u i d i mp i ngoo on tho port i on of tho too l at an i mpingomont ang l o fofr - groator than about 0 s 
and l occ than about 00°. 
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5. (canceled) A mothod as i n claim 3, whoroin tho jot of tho cryogonio 
f l uid imp i ngoo on tho portion of tho too l at an i mp i ngomont anglo (a) greater than about 30 s 
and looo than about 00°. 

6. (amended) A method as in claim [[3]] I, wherein the jet of the 
cryogenic fluid impinges on the surface of the workpiece at a spread angle (P) greater than 
about 0 9 and less than about 180 Q . 

7. (amended) A method for improving at least one of a surface finish and 
a surface integrity of a workpiece formed or shaped with a tool, the workpiece having a 
surface hardness, comprising increasing the surface hardness of the workpiece prior to 
forming or shaping the workpiece with the tool, or dur i ng form i ng or ohaping of tho workp i ooo 
w i th tho too l , or both prior to and during forming or shaping of the workpiece with the tool. 

8. (amended) A method as in claim 7, wherein the surface hardness of 
the workpiece is increased prior to forming or shaping the workpiece with the tool by at least 
one of a heat treatment, a chemical treatment, and a mechanical treatment. 

9. (amended) The method of claim 1 wherein said tool is A mothod for 
i mprov i ng at l oast ono of a ourfaoo f i n i sh and a surfaoo i ntegr i ty of a workp i ooo maoh i nod 
with a cutting tool comprising a rake face , tho workpiooo hav i ng a Gurfaoo hardnoss. 
comprising incroacing tho ourfaoo hardnoss of tho workp i ooo during mach i ning of tho 
workpiooo with tho cutting too l , whoro i n tho ourfaoo hardnoco of tho workp i ooo i s i noroasod 
by cool i ng with a cryogonic flu i d at loaot a portion of tho outt i ng too l and at l oact a portion of 
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tho workp i ooo, and a jot of tho cryogonic flu i d impingoo on a portion of tho Gutt i ng too l at an 
i mp i ngomont ang l o (a) groator than about 0* and Ioog than about 00^, and tho jot of tho 

cryogon i c f l u i d imp i ngoo on and said at least a portion of t he tool is at least a portion of the 
rake face, surfaco of tho workpiooo at a cproad anglo (P) grnntfir thnn nhnut 0° nnri I nr.r, thnn 
about 180°. 

10. (original) A method for improving at least one of a surface finish and a 
surface integrity of a workpiece formed or shaped with a tool, comprising the steps of: 

providing a supply of a cryogen; 

providing a nozzle adjacent the workpiece, the nozzle having 

at least one inlet adapted to receive a flow of the cryogen, 
an upstream portion in fluid communication with the at least 
one inlet, the upstream portion adapted to receive at least a portion of 
the flow of the cryogen from the at least one inlet, 

a downstream portion in fluid communication with the upstream 
portion and adapted to receive at least a portion of the flow of the 
cryogen from the upstream portion, and 

at least one outlet in fluid communication with the downstream 
portion and adapted to receive and transmit from the downstream 
portion at least a portion of the flow of the cryogen; 
delivering a portion of the cryogen to the at least one inlet of the 
nozzle, wherein the cryogen is at least partially separated within the 
downstream portion of the nozzle into a condensed phase portion and a vapor 
portion; and 

jetting at least a portion of an expanding jet of the condensed phase 
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portion and the vapor portion from the at least one outlet of the nozzle to the 
tool and a surface of the workpiece. 

1 1 . (original) A method as in claim 10, wherein the downstream portion of 
the nozzle has at least one diverging wall and at least one converging wall adapted to 
converge on the expanding jet. 

12. (original) A method as in claim 11, wherein the at least one diverging 
wall has a diverging angle and the at least one converging wall has a converging angle less 
than the diverging angle. 

13. (original) A method as in claim 11, wherein the diverging wall is open 
to an ambient atmosphere. 

14. (amended) The method of claim 10 further A mothod for i mproving at 
loast ono of a surface f i nish and a ourfaoo i ntogr i ty of a workpiooo mach i nod w i th a outt i ng 
tool, compr i s i ng tho otopo of: 

prov i ding a supp l y of a cryogon; 

prov i d i ng a nozzlo adjacont tho workpiooo, tho nozz l o having 

at loact ono i n l ot adaptod to roco i vo a f l ow of tho cryogon, 
an upotroam port i on in f l uid commun i cat i on w i th tho at l oast 
ono inlot, tho upotroam port i on adaptod to rocoivo at l oaot a portion of 
tho f l ow of tho cryogon from tho at loast ono i nlot, 

a downctroam port i on i n flu i d commun i cat i on w i th tho upstream 
portion and adaptod to rocoivo at loact a port i on of tho flow of tho 
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oryogon from tho upGtroam portion, and 

at l oact ono out l ot i n f l uid communicat i on w i th tho downstroam 

port i on and adaptod to roooivo and transm i t from tho downctroam 

port i on at l oact a port i on of tho f l ow of tho oryogon; 

dol i vor i ng a portion of tho oryogon to tho at l oact ono in l ot of tho 
nozz l o, whoroin tho oryogon i c at loact part i a ll y soparatod w i th i n the 
downctroam portion of tho nozz l o i nto a oondoncod phaco port i on and a vapor 
portion; and 

jotting at l oact a port i on of an oxpand i ng jot of tho oondoncod phaco 
portion and tho vapor portion from tho at loact ono out l ot of tho nozz l o to tho 
cutting too l and a curfaoo of tho workp i ooo, 

wherein the downstream portion of the nozzle has at least one 
diverging wall open to an ambient atmosphere and at least one converging 
wall adapted to converge on the expanding jet, and wherein the at least one 
diverging wall has a diverging angle and the at least one converging wall has 
a converging angle less than the diverging angle. 

15. (amended) A method for forming or shaping a workpiece having a 
surface hardness, comprising the steps of: 

providing a tool adjacent the workpiece, the tool adapted to form or 

shape the workpiece; 

forming or shaping the workpiece with the tool; and 

increasing the surface hardness of the workpiece during forming or 

shaping of the workpiece with the too l bv jetting cryogenic fluid so that the iet 

of the crvoaenic fluid impinges on at least a portion of the tool at an 
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impingement angle (a) greater than about 30 9 and less than about 90 9 . and 
then said cryogenic fluid impinges the workpiece at a spread angle (B) . 

16. (original) A workpiece formed or shaped by a method as in claim 15 
and characterized by an improved surface finish, an improved surface integrity, or both an 
improved surface finish and an improved surface integrity. 

17. (original) A workpiece as in claim 16, said workpiece having a work 
surface roughness (Ra), wherein the work surface roughness (Ra) is equal to or less than a 
theoretical low roughness limit (Ra-t), calculated as Ra-t=f 2 / (32 r), where f is a cutting tool 
feedrate and r is a cutting tool nose radius. 

18. (original) A workpiece as in claim 16, wherein the workpiece has a 
formed or shaped work surface characterized by an improved residual stress, said improved 
residual stress being more compressive, deeper extending, or both more compressive and 
deeper extending than another residual stress that would be obtained by forming or shaping 
the workpiece without increasing the surface hardness of the workpiece during forming or 
shaping of the workpiece. 

19. (original) A workpiece as in claim 16, wherein the workpiece contains 
at least one metallic alloy having at least one element selected from a group consisting of 
cobalt (Co), chromium (Cr), molybdenum (Mo), nickel (Ni), iron (Fe), tungsten (W), aluminum 
(Al), and titanium (Ti). 
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20. (original) A workpiece as in claim 16, wherein at least a portion of the 
workpiece is in a form selected from a group consisting of a cast form, wrought form, powder 
metallurgy form, and composite form. 

21. (original) A workpiece as in claim 16, wherein the workpiece contains 
at least one polymer or at least one polymer-based composite. 

22. (original) A workpiece as in claim 16, wherein the workpiece has a 
formed or shaped work surface characterized by at least one of an improved fatigue strength, 
an improved fatigue life, an improved stress-cracking resistance, and an improved corrosion 
resistance. 

23. (amended) A method for machining a workpiece having a surface 
hardness, comprising the steps of: 

providing a cutting tool adjacent the workpiece, the cutting tool 
adapted to shape the workpiece; 

shaping the workpiece with the cutting tool while cooling with a 
crvoaenic fluid at least a portion of the tool, or at least a portion of the 
workpiece. or at least a portion of the tool and at least a portion of the 
workpiece : and 

increasing the surface hardness of the workpiece during shaping of the 
workpiece with the cutting tool, wherein the shaped workpiece is 
characterized by an improved surface finish having a work surface roughness 
(Ra) equal to or less than a theoretical low roughness limit (Ra-t), calculated 
as Ra-t=f 2 / (32 r), where f is a cutting tool feedrate and r is a cutting tool nose 
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radius. 

24. (amended) A method for manufacturing a finished part or a finished 
product from a workpiece having a surface hardness, comprising the steps of: 

providing a tool adjacent the workpiece, the tool adapted to form or 
shape the workpiece; 

forming or shaping the workpiece with the tool; 

increasing the surface hardness of the workpiece during forming or 
shaping of the workpiece with the tool bv cooling with a cryogenic fluid at least 
a portion of the workpiece. or at least a portion of the tool and at least a 
portion of the workpiece : and 

manufacturing the finished part or the finished product from the 
workpiece shaped or formed with the tool wherein the finished part or the 
finished product is manufactured from the workpiece without using at least 
one additional operation needed bv at least one other method for 
manufacturing a comparable finished part or a comparable finished product 
which the other method forms or shapes from a comparable workpiece having 
a comparable surface hardness wit hout increasing the comparable surface 
hardness of the comparable workpiece during forming or shaping of the 
comparable workpiece. said at least one additional operation being selected 
from a group consisting of grinding, polishing, honing, deburring. peenino. 
tumbling, burnishing, deep rolling, soft annealing, soft machining, soft shaping, 
soft forming, and work part cleaning . 

25. (canceled) A mothod ao i n c l aim 21, whoroin tho f i n i chod part or tho 
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f i nichod produot ic manufacturod from tho workp i ooo w i thout uo i ng at l oaot ono additiona l 
oporat i on noodod by at l oast ono othor mothod for manufacturing a oomparab l o f i nishod part 
or a comparable) f i n i chod produot which tho othor mothod forms or shapes from a 
comparablo workp i ooo hav i ng a comparab l o curfaco hardnocc w i thout i noroac i ng tho 
comparab l o curfaco hardnocc of tho comparablo workpioco dur i ng form i ng or shap i ng of tho 
comparablo workp i oco, sa i d at loast ono additional oporation boing co l octod from a group 
cons i sting of grind i ng, pol i sh i ng, honing, doburr i ng, poon i ng, tumbl i ng, burnish i ng, doop 
ro lli ng, soft annea li ng, soft mach i ning, coft chaping, coft form i ng, and work part c l oan i ng. 

26. (original) A finished part or a finished product manufactured by a 
method as in claim 24 and characterized by a reduced manufacturing cost, said reduced 
manufacturing cost being less than a higher manufacturing cost for a comparable finished 
part or a comparable finished product manufactured by at least one other method which 
forms or shapes a comparable workpiece having a comparable surface hardness without 
increasing the comparable surface hardness of the comparable workpiece during forming or 
shaping of the comparable workpiece. 

27. (amended) The method of claim 24 wherein said tool is a cutting tool. 
A mothod for manufacturing a f i n i shod part from a workpioco having a surfaoo hardnocs, 
comprising tho stops of: 

prov i ding a cutting tool adjacont tho workp i oco, tho cutt i ng too l 
adaptod to shapo tho workp i oco; 

shaping tho workp i oco w i th tho cutt i ng tool; 

inoroas i ng tho surfaco hardnocs of tho workp i ooo dur i ng chap i ng of tho 
workp i oco with tho cutt i ng too l ; and 
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manufacturing tho f i nishod part from tho workp i oco chapod w i th tho 
outt i ng too l , 

whoro i n the f i nishod part i s manufacturod from tho workp i ooo 
w i thout us i ng at l oast ono addit i onal oporat i on noodod by at l oast ono 
othor mothod for manufacturing a oomparab l o f i n i shod part whioh tho 
othor mothod shapos from a comparab l o workpioco having a 
comparab l o surfaoo hardnoss without i ncreasing tho oomparab l o 
surfaco hardnoss of tho comparablo workpiooo dur i ng shap i ng of tho 
comparab l o workp i ooo, sa i d at l oast ono add i t i onal oporat i on boing 
soloctod from a group cons i sting of gr i nd i ng, pol i sh i ng, honing, 
doburr i ng, poon i ng, tumbling, burn i sh i ng, doop ro l ling, soft annea li ng, 
soft mach i ning, soft shaping, soft form i ng, and work part cloan i ng. 

28. (amended) An apparatus for improving at least one of a surface finish 
and a surface integrity of a workpiece formed or shaped with a tool, the workpiece having a 
surface hardness, comprising means for increasing the surface hardness of the workpiece 
during forming or shaping of the workpiece with the tool , wherein said means for increasing 
the surface hardness of the workpiece during forming or shaping of the workpiece with the 
tool comprises a iet of cryogenic fluid impinging at least a portion of the tool at an 
impingement angle (a) greater than about 30 9 and less than about 90 9 . and then said 
cryogenic fluid impinges the workpiece at a spread angle (B) . 

29. (amended) An apparatus as in claim 28, wherein tho surfaco hardnoss 
of tho workp i oco is inoroacod by coo li ng with a cryogon i c f l u i d at loast a port i on of tho too l , or 
at l oast a portion of tho workp i ooo, or at l oast a port i on of tho tool and at l oast a port i on of tho 



11 of 29 



Appl. No. 10/809,773 



workp i oco the spread angle (B) is such that the cryogenic fluid impinges at least the entire 
length of contact between the tool and the workpiece. 

30. (amended) An apparatus as in claim 29, further comprising a second 
whoro i n a jet of the cryogenic fluid that impinges on a portion of the tool ora^d a portion of a 
surface of the workpiece. 

31. (canceled) An apparatuc as i n cla i m 30, whoroin tho jot of tho 
cryogen i c f l u i d i mpingos on tho port i on of tho too l at an imp i ngomont anglo ( ofrgroator than 
about 0 s and l oco than about 00°. 

32. (canceled) An apparatus as i n c l a i m 30, whoro i n tho jot of tho 
cryogen i c f l uid i mp i ngos on tho portion of tho tool at an i mpingomont ang l o ( a ) groator than 
about 30 g and l ooo than about 00^. 

33. (original) An apparatus as in claim 30, wherein the jet of the cryogenic 
fluid impinges on the surface of the workpiece at a spread angle (p) greater than about 0 Q 
and less than about 180 Q . 

34. (amended) An apparatus for improving at least one of a surface finish 
and a surface integrity of a workpiece formed or shaped with a tool, the workpiece having a 
surface hardness, comprising means for increasing the surface hardness of the workpiece 
prior to forming or shaping the workpiece with the tool, or during form i ng or shap i ng of tho 
workp i oco w i th tho too l , or teeth prior to and during forming or shaping of the workpiece with 
the tool. 
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35. (amended) An apparatus as in claim 34, wherein the surface hardness 
of the workpiece is increased prior to forming or shaping the workpiece with the tool by at 
least one of a heat treatment, a chemical treatment, and a mechanical treatment. 

36. (amended) The apparatus of claim 28. A apparatuc for i mprov i ng at 
l e ast ono of a curfaoo f i n i ch and a surfaco intogr i ty of a workpiooo maoh i nod w i th a Gutt i ng 
tool, tho workp i oco having a ourfaco hardness, oomprio i ng moans for increasing tho surfaco 
hardnoss of tho workp i oco dur i ng mach i n i ng of tho workp i ooo w i th tho cutt i ng too l , wherein 
tho surfaco hardnooc of tho workp i oco i s i noroaood by Gooling w i th a orvooon i o f l u i d said tool 
is a cutting tool comprising a rake face and said a t least a portion of the cutting tool is a 
portion of said rake face and at l oact a port i on of thn wnrkp i nnn and a jot of tho cryogon i c 
f l u i d imp i ngoo on a portion of tho cutt i ng tool at an i mp i ngomont ang l o ( ofrgroator than about 
0 s and loco than about 00°, and tho jot of tho oryogon i o f l uid impinges on tho ourfaoo of tho 
workp i oco at a cproad ang l o (p) groator than about 0° and I ogg than about 180° . 

37. (original) An apparatus for improving at least one of a surface finish 
and a surface integrity of a workpiece formed or shaped with a tool, comprising: 

a supply of a cryogen; 

a nozzle adjacent the workpiece, the nozzle having 

at least one inlet adapted to receive a flow of the cryogen, 
an upstream portion in fluid communication with the at least 
one inlet, the upstream portion adapted to receive at least a portion of 
the flow of the cryogen from the at least one inlet, 

a downstream portion in fluid communication with the upstream 
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portion and adapted to receive at least a portion of the flow of the 

cryogen from the upstream portion, and 

at least one outlet in fluid communication with the downstream 

portion and adapted to receive and transmit from the downstream 

portion at least a portion of the flow of the cryogen; 

means for delivering a portion of the cryogen to the at least one inlet of 
the nozzle, wherein the cryogen is at least partially separated within the 
downstream portion of the nozzle into a condensed phase portion and a vapor 
portion; and 

means for jetting at least a portion of an expanding jet of the 
condensed phase portion and the vapor portion from the at least one outlet of 
the nozzle to the tool and a surface of the workpiece. 

38. (original) An apparatus as in claim 37, wherein the downstream 
portion of the nozzle has at least one diverging wall and at least one converging wall adapted 
to converge on the expanding jet. 

39. (original) An apparatus as in claim 38, wherein the at least one 
diverging wall has a diverging angle and the at least one converging wall has a converging 
angle less than the diverging angle. 

40. (original) An apparatus as in claim 38, wherein the diverging wall is 
open to an ambient atmosphere. 

41. (amended) The apparatus of claim 37 An apparatus for i mprov i ng at 
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loact ono of a Gurfaoo f i nish and a surfaoo integr i ty of a workp i oGO machinod with a cutting 
too l , oomprioing: 

a cupply of a oryogon; 

a nozzlo adjaoont tho workp i ooo, tho nozzlo hav i ng 

at l oact ono inlot adaptod to roGo i vo a f l ow of tho oryogon, 
an upctroam portion i n f l u i d commun i cation with tho at l oast 
ono i n l ot, tho upotroam portion adaptod to roco i vo at loaot a port i on of 
tho f l ow of tho Gryogon from tho at l oaot ono in l ot, 

a downstroam portion i n fluid commun i cat i on with tho upstream 
port i on and adaptod to roco i vo at loact a port i on of tho flow of tho 
Gryogon from tho upotroam portion, and 

at l oaot ono out l ot i n f l uid communication w i th tho downstroam 
port i on and adaptod to rocoivo and trancm i t from tho downstroam 
port i on at loaot a port i on of tho flow of tho Gryogon; 
moans for do li vor i ng a port i on of tho cryogon to tho at loact ono i n l ot of 
tho nozz l o, whoro i n tho Gryogon i o at l oact partia ll y ooparatod within tho 
downstroam port i on of tho nozzlo i nto a condonsod phaso portion and a vapor 
port i on; and 

moans for jotting at l oast a port i on of an oxpand i ng jot of tho 
condoncod phaco port i on and tho vapor port i on from tho at l oast ono outlot of 
tho nozzlo to tho Gutting too l and a curfaco of tho workp i ooo, 

wherein the downstream portion of the nozzle has at least one 
diverging wall open to an ambient atmosphere and at least one converging 
wall adapted to converge on the expanding jet, and wherein the at least one 
diverging wall has a diverging angle and the at least one converging wall has 
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a converging angle less than the diverging angle. 

42. (amended) An apparatus for forming or shaping a workpiece having a 
surface hardness, comprising: 

a tool adjacent the workpiece, the tool adapted to form or shape the 
workpiece; 

means for forming or shaping the workpiece with the tool; and 
means for increasing the surface hardness of the workpiece during 
forming or shaping of the workpiece with the tool wherein said means for 
increasing the surface hardness of the workpiece during forming or shaping of 
the workpiece with the tool comprises a iet of cryogenic fluid impinging at least 
a portion of the tool at an impingement angle (a) greater than about 30 9 and 
less than about 90 9 . and then said cryogenic fluid impinges the workpiece at a 
spread angle A3) . 

43. (original) A workpiece formed or shaped by an apparatus as in claim 
42 and characterized by an improved surface finish, an improved surface integrity, or both an 
improved surface finish and an improved surface integrity. 

44. (original) A workpiece as in claim 43, said workpiece having a work 
surface roughness (Ra), wherein the work surface roughness (Ra) is equal to or less than a 
theoretical low roughness limit (Ra-t), calculated as Ra-t=f 2 / (32 r), where f is a cutting tool 
feedrate and r is a cutting tool nose radius. 

45. (original) A workpiece as in claim 43, wherein the workpiece has a 
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formed or shaped work surface characterized by an improved residual stress, said improved 
residual stress being more compressive, deeper extending, or both more compressive and 
deeper extending than another residual stress that would be obtained by forming or shaping 
the workpiece without using a means for increasing the surface hardness of the workpiece 
during forming or shaping of the workpiece. 

46. (original) A workpiece as in claim 43, wherein the workpiece contains 
at least one metallic alloy having at least one element selected from a group consisting of 
cobalt (Co), chromium (Cr), molybdenum (Mo), nickel (Ni), iron (Fe), tungsten (W), aluminum 
(Al), and titanium (Ti). 

47. (original) A workpiece as in claim 43, wherein at least a portion of the 
workpiece is in a form selected from a group consisting of a cast form, wrought form, powder 
metallurgy form, and composite form. 

48. (original) A workpiece as in claim 43, wherein the workpiece contains 
at least one polymer or at least one polymer-based composite. 

49. (original) A workpiece as in claim 43, wherein the workpiece has a 
formed or shaped work surface characterized by at least one of an improved fatigue strength, 
an improved fatigue life, an improved stress-cracking resistance, and an improved corrosion 
resistance. 

50. (original) An apparatus for machining a workpiece having a surface 
hardness, comprising: 
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a cutting tool adjacent the workpiece, the cutting tool adapted to shape 
the workpiece; 

means for shaping the workpiece with the cutting tool; and 
means for increasing the surface hardness of the workpiece during 
shaping of the workpiece with the cutting tool, wherein the shaped workpiece 
is characterized by an improved surface finish having a work surface 
roughness (Ra) equal to or less than a theoretical low roughness limit (Ra-t), 
calculated as Ra-t=f 2 / (32 r), where f is a cutting tool feedrate and r is a 
cutting tool nose radius. 

51. (amended) An apparatus for manufacturing a finished part or a 
finished product from a workpiece having a surface hardness, comprising: 

a tool adjacent the workpiece, the tool adapted to form or shape the 
workpiece; 

means for forming or shaping the workpiece with the tool; 

means for increasing the surface hardness of the workpiece during 
forming or shaping of the workpiece with the tool , wherein said means for 
increasing the surface hardness of the workpiece during forming or shaping of 
the workpiece with the tool comprises means for jetting a crvooen at said 
workpiece or at said workpiece and said tool .: and 

means for manufacturing the finished part or the finished product from 
the workpiece shaped or formed with the tool wherein the finished part or the 
finished product is manufactured from the workpiece without using at least 
one additional operation needed bv at least one other apparatus for 
manufacturing a comparable finished part or a comparable finished product 
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which the other apparatus forms or shapes from a comparable workpiece 
having a comparable surface hardness without increasing the comparable 
surface hardness of the comparable workpiece during forming or shaping of 
the comparable workpiece. said at least one additional operation being 
selected from a group consisting of grinding, polishing, honing, deburring. 
peening. tumbling, burnishing, deep rolling, soft annealing, soft machining, 
soft shaping, soft forming, and work part cleaning . 

52. (canceled) An apparatuo ac i n claim 51, whoro i n tho f i n i shod part or 
tho f i n i chod product i s manufacturod from tho workpiooo without us i ng at l oast ono addit i ona l 
oporat i on noodod by at loaot ono othor apparatuo for manufactur i ng a comparab l o f i nishod 
part or a comparab l o fin i chod product wh i ch tho othor apparatus forms or shapos from a 
comparablo workp i ooo hav i ng a comparab l o surfaco hardnoss w i thout i noroas i ng tho 
comparab l o surfaoo hardnoss of tho comparab l o workpiooo dur i ng forming or shap i ng of tho 
comparablo workp i ooo, caid at loast ono add i t i ona l oporat i on bo i ng oo l ootod from a group 
consist i ng of grind i ng, po l ishing, hon i ng, doburr i ng, poon i ng, tumb li ng, burn i sh i ng, doop 
rol li ng, soft annoal i ng, soft machining, soft shap i ng, soft form i ng, and work part o l oan i ng. 

53. (original) A finished part or a finished product manufactured by an 
apparatus as in claim 51 and characterized by a reduced manufacturing cost, said reduced 
manufacturing cost being less than a higher manufacturing cost for a comparable finished 
part or a comparable finished product manufactured by at least one other apparatus which 
forms or shapes a comparable workpiece having a comparable surface hardness without 
increasing the comparable surface hardness of the comparable workpiece during forming or 
shaping of the comparable workpiece. 
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54. (amended) The apparatus of claim 51 wherein said tool is a cutting 
tool. An apparatus for manufactur i ng a f i n i ohod part from a workp i ooo hav i ng a Gurfaoo 
hardnooo, compris i ng: 

a cutting too l adjaoont tho workp i ooo, tho cutt i ng tool adaptod to chapo 

tho workp i oco; 

moanc for shap i ng tho workpioco with tho cutt i ng tool; 

m e ans for i noroac i ng tho surfaco hardnoss of tho workp i oco during 

shap i ng of tho workp i oco w i th tho cutting too l ; and 

moans for manufactur i ng tho f i n i shod part from tho workpiooo shaped 

w i th tho cutt i ng too l , 

whoro i n tho finishod part i s manufactured from tho workp i oco 
w i thout us i ng at loaot ono add i t i onal oporat i on noodod by at l oast ono 
othor apparatus for manufacturing a oomparablo fin i shod part wh i ch 
the othor apparatus shapos from a comparab l o workp i oco hav i ng a 
comparablo surfaco hardnoss w i thout i ncroasing tho oomparab l o 
surfaco hardnoss of tho comparablo workp i oco during shaping of tho 
comparab l o workp i oco, said at l oast ono addit i onal oporat i on boing 
so l octod from a group cons i st i ng of grind i ng, po l ish i ng, hon i ng, 
doburr i ng, pooning, tumb li ng, burnishing, doop ro ll ing, soft annea li ng, 
soft machin i ng, soft shap i ng, soft form i ng, and work part cloaning. 



55. (original) A nozzle for jetting an expanding jet of a cryogen to a 
surface of a workpiece, comprising: 

at least one inlet adapted to receive a flow of the cryogen; 
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an upstream portion in fluid communication with the at least one inlet, 
the upstream portion adapted to receive at least a portion of the flow of the 
cryogen from the at least one inlet; 

a downstream portion in fluid communication with the upstream portion 
and adapted to receive at least a portion of the flow of the cryogen from the 
upstream portion; 

at least one outlet in fluid communication with the downstream portion 
and adapted to receive and transmit from the downstream portion at least a 
portion of the flow of the cryogen; and 

means for separating the cryogen at least partially into a condensed 
phase portion and a vapor portion within the downstream portion of the 
nozzle. 

56. (original) A nozzle as in claim 55, further comprising an internal 
expansion chamber adapted to confine the expanding jet of the cryogen, wherein the nozzle 
is adapted to clamp a cutting tool having a tool rake surface. 

57. (original) A nozzle as in claim 55, wherein the downstream portion of 
the nozzle has at least one diverging wall and at least one converging wall adapted to 
converge on the expanding jet of the cryogen. 

58. (original) A nozzle as in claim 57, wherein the diverging wall has a 
diverging angle and the converging wall has a converging angle less than the diverging 
angle. 
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59. (original) A nozzle as in claim 57, wherein the diverging wall is open to 
an ambient atmosphere. 



60. (amended) The nozzle of claim 55, further comprising A nozz l o for 
jotting an oxpand i ng jot of a cryogon to a ourfaco of a workp i oco, Gompric i ng: 
at l oaot ono i nlot adaptod to rooo i vo a flow of tho oryogon; 

an upotroam portion in f l uid commun i oat i on w i th tho at l oact ono i nlot, 

tho upctroam portion adaptod to rocoivo at l oaot a port i on of tho f l ow of tho 

oryogon from tho at loaot ono i n l ot; 

a downotroam portion in fluid commun i oation w i th tho upotroam portion 

and adaptod to rooo i vo at l oaot a port i on of tho flow of tho oryogon from tho 

upotroam port i on; 

at loaot ono out l ot i n flu i d commun i cation w i th tho downotroam portion 
and adaptod to rocoivo and tranomit from tho downotroam port i on at loaot a 
portion of tho f l ow of tho cryogon; 

moano for ooparating tho cryogon at l oaot part i al l y i nto a condonood 

phaoo portion and a vapor portion w i thin tho downotroam portion of tho 
nozz l o; and 

an internal expansion chamber adapted to confine the expanding jet of 
the cryogen, 

wherein the downstream portion of the nozzle has at least one 
diverging wall open to an ambient atmosphere and at least one 
converging wall adapted to converge on the expanding jet of the 
cryogen, and 
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wherein the diverging wall has a diverging angle and the 
converging wall has a converging angle less than the diverging angle, 
and 

wherein the nozzle is adapted to clamp a cutting tool having a tool rake surface. 
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